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ABSTRACT
Introduction Immunotherapy is the new standard of care 
in advanced non- small cell lung cancer (NSCLC). Recently 
published data show that treatment discontinuation 
after 12 months of nivolumab treatment is associated 
with shorter survival. Therefore, the ideal duration of 
immunotherapy remains unclear, and finding markers 
of beneficial outcomes is of great importance. Here, we 
determine the proportion of complete metabolic responses 
(CMR) in patients who have not progressed after 24 
months of immunotherapy.
Methods This is a retrospective analysis of 45 patients 
with positron emission tomography using 2-[18F]fluoro-
2- deoxy- D- glucose imaging for assessment of residual 
metabolic activity after at least 24 months. CMR was 
defined as uptake in tumor lesions below background 
levels, using mediastinum as a reference.
Results Out of 45 patients, 29 patients had a CMR 
(64%). CMR was observed more frequently in non- first- 
line patients. Patients with CMR were younger (median 
65.7 vs 75.5, p=0.03). Fourteen patients with CMR have 
discontinued therapy and have not progressed until time of 
analysis; however, median follow- up was only 5.6 (range 
0.8–17.0) months.
Conclusion After a minimum of 24 months of palliative 
immunotherapy for NSCLC, CMR occurred in almost two 
thirds of patients. Potentially, achievement of CMR might 
identify patients, for whom palliative immunotherapy may 
be safely discontinued.

INTRODUCTION
Recently reported, extended follow- up data 
from KEYNOTE-024 indicate that patients 
with non- small cell lung cancer (NSCLC) can 
experience long- term benefit from immuno-
therapy irrespective of discontinuation (per 
protocol: 35 cycles ∼24 months) or type of 
response in CT.1 Similar results were observed 
in the pooled analysis of 5- year follow- up data 
from CheckMate 017 and 057.2 This raises 
the question, whether patients may safely 

discontinue immunotherapy after achieving 
durable response.

However, recently published results from 
CheckMate-153 demonstrated inferior 
survival rates in patients ceasing immuno-
therapy after 1 year,3 therefore, optimal treat-
ment duration of immunotherapy in advanced 
NSCLC remains unknown. Protocols from 
published phase- III trials implemented 
treatment for a period of approximately 24 
months or until evidence of disease progres-
sion or unbearable toxicity.4–8

In malignant melanoma, complete meta-
bolic response (CMR) on positron emission 
tomography using 2-[18F]fluoro-2- deoxy- D- 
glucose (FDG- PET) yields a high negative 
predictive value for relapse.9 Previous studies 
revealed that less than 10% of patients with 
NSCLC achieve CMR after 2 months of immu-
notherapy10 and demonstrated that FDG- PET 
response is prognostic for progression- free 
survival.11 We examined whether patients 
with NSCLC with prolonged response to treat-
ment with an anti- PD-1/PD- L1 antibody had 
CMR and at which proportion this occurs.

MATERIALS AND METHODS
This is a retrospective study of patients with 
advanced or metastatic NSCLC who received 
therapy with anti- PD-1/PD- L1 antibodies 
for >24 months in absence of radiological 
progression. All patients underwent FDG- PET 
imaging for detection of residual metabolic 
disease between 2017 and 2020. The scans 
were performed for reaching an informed 
decision together with the patient. In the 
cases, where patients continued therapy 
despite achieving CMR, this was in accor-
dance to the label, which allows treatment 
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until progression or unbearable toxicity and patients’ wish 
to continue their treatment. A secondary rationale was to 
identify potential sites of disease that might benefit from 
local therapies (such as radiation therapy or secondary 
resection). This analysis was approved by the local ethics 
committees (reference: 20–9433- BO and Landesärzteka-
mmer Baden- Württemberg F-2019–092) and all patients 
gave written informed consent for collection of clinical 
data for research purposes.

Dual- modality PET- CT was performed on a Siemens 
Biograph mCT or a Siemens Biograph Duo System. 
Patients received a median dose of 300 MBq of Fluo-
rine-18 fluorodeoxyglucose (range 162–463 MBq) and 
were scanned after mean 63 min p.i. (range 50–123). The 
CT images were used for PET attenuation correction. 
Diagnostic CT scans with intravenous and oral contrast 
agent were performed except for 5 (11%) patients with 
a diagnostic CT scan within 4 weeks prior to the PET/
CT scan, who received a low- dose CT scan and two (4%) 
patients with increased creatine in serum level and/or 
known allergic sensitivity, who did not receive intravenous 
contrast agent. Lesion uptake in FDG PET on or below 
background level (using mediastinum as reference) was 
considered as CMR. Time until best objective morpholog-
ical response including disease stabilization was measured 
from start of immunotherapy until first stable CT scan 
(ie, no progression or further response compared with 
previous scan) using RECIST V.1.1.12 Categorical and 
continuous data were compared using Fishers exact test 
and Mann- Whitney U test, respectively. For correlation 
analysis, Spearman correlation test was applied.

RESULTS
Forty- five patients were included in this analysis. Patients 
received nivolumab (n=21, 47%), pembrolizumab 
(n=20, 44 %), atezolizumab (n=3, 7 %), or ipilimumab/
nivolumab (n=1, 2%). By the time of scanning, patients 
had received a median of 52.5 applications of immuno-
therapy (range 30–104) over a median period of 30.7 
months (range 24.2–53.0). Prior to the PET scan, 36 
(80%) and 9 (20%) of all patients have achieved partial 
response and stable disease by RECIST V.1.1. criteria. 
Table 1 summarizes the patient characteristics.

Twenty- nine patients (64%) had CMR identified by 
PET. Residual metabolic activity was located in the lungs 
(11/16, 69%), lymph nodes (12/16, 75%), pleura (4/16, 
25%), or adrenal gland metastasis (1/16, 6%). Figure 1 
shows one representative case each for CMR and non- 
CMR. Patients with CMR were younger (median 65.7 vs 
75.7, p=0.03). CMR was observed more frequently in non- 
first- line patients (12/25 and 17/20 in first- line patients 
and non- first- line patients, respectively, p=0.01). In our 
cohort, neither histology nor PD- L1 expression predicted 
CMR. There was no significant correlation between target 
lesion size and FDG uptake (rho 0.05; p=0.76, see online 
supplemental figure 1). Table 2 shows patients’ character-
istics stratified by response groups.

Table 1 Patient characteristics

Overall
(n=45)

Age (years)

Median (minimum, maximum) 67.6 (39.9, 84.6)

Gender

female 19 (42%)

male 26 (58%)

Histology

Adeno 34 (76%)

Squamous 10 (22%)

Sarcomatoid 1 (2%)

PD- L1 expression

0 5 (11%)

>0–<10 0 (0%)

≥10 28 (62%)

Not reported 12 (27%)

T status

1 10 (22%)

2 8 (18%)

3 8 (18%)

4 19 (42%)

N status

0 7 (16%)

1 3 (7%)

2 15 (33%)

3 20 (44%)

M status

0 9 (20%)

1 36 (80%)

UICC stage

3 9 (20%)

4 36 (80%)

Immunotherapy regimen

Atezolizumab 3 (7%)

Nivolumab 21 (47%)

Pembrolizumab 20 (44%)

Ipilimumab/nivolumab 1 (2%)

Treatment line

First line 25 (56%)

Non- first line 20 (44%)

Prior surgery 11 (24%)

Prior radiotherapy 17 (38%)

Prior chemotherapy 28 (62%)

Months immunotherapy until PET

Median (minimum, maximum) 30.7 (24.2, 53.0)

Months until best objective response

Continued
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None of the patients with CMR has progressed or died 
until time of analysis. One non- CMR patient progressed 
during follow- up. Two patients with residual metabolic 
disease died before time of analysis (median follow- up 
after PET 6.0 months, range 0.13–35.8). One patient 
had tumor cachexia, esophageal stenosis and ultimately 
refused parenteral nutrition. The other patient died 
without evident disease progression, most likely due to 
exacerbation of chronic obstructive pulmonary disease. 
Fourteen patients with CMR discontinued immuno-
therapy following FDG PET. In this cohort, median 
follow- up was 5.6 (range 0.8–17.0) months. Figure 2 
shows a swimmer plot of patients’ events since start of 
immunotherapy.

DISCUSSION
Long- term, relapse- free survival in patients with incom-
plete response to checkpoint inhibitor therapy raises the 
question whether residual lesions are a sign of vital disease 

or remnant scar tissue. However, in most cases, pathologic 
evaluation of all lesions is not feasible. Furthermore, in 
contrast to other entities such as Hodgkin lymphoma, in 
lung cancer, FDG- PET is not an established tool to divide 
between nonvital and vital lesions.13 As a consequence, 
duration of therapy in phase- III protocols varied. While 
some stopped therapy after approximately 2 years,6 others 
continued until progression or unacceptable toxicity.14

Immune effects mimicking disease progression 
(referred to as pseudoprogression) pose an obstacle for 
the response assessment of immunotherapy. This most 
often occurs during the first 12 weeks after treatment 
initiation and is more frequent for CTLA-4 inhibitors 
compared with PD-1 inhibitors or PD- L1 inhibitors.15 
Despite this, immune reactions must be kept in mind as a 
potential pitfall. One patient in our cohort had residual 
metabolic disease only in thoracic lymph nodes (online 
supplemental figure 2) and, therefore, rated as non- 
CMR; however sarcoid- like reaction must be considered 
as a potential pitfall.16 In contrast to this, lung adenocar-
cinoma subtypes with low- to- moderate FDG uptake could 
render false- negative results.17

Patient characteristics differed between patients with 
CMR and non- CMR. Furthermore, patients who achieved 
CMR were significantly younger than patients who had 
residual metabolic disease. This may point to a rele-
vant role of immunosenescence in the context of CMR. 
Although a review of available retrospective analyses or 
real- world data confirmed a benefit of elderly patients 
from immune checkpoint inhibitors,18 the effect of age 
on CMR has not been addressed previously. Of note, 

Overall
(n=45)

Median (minimum, maximum) 10.4 (1.1, 30.1)

Response according to RECIST

PR 36 (80%)

SD 9 (20%)

PET, positron emission tomography.

Table 1 Continued

Figure 1 Example of a patient with CMR (left) and non- CMR (right). Red arrows indicate residual tumor visible on CT. The 
patient on the left has uptake below background rated as CMR (see mediastinum for reference), whereas the patient on the right 
exhibits intense focal uptake rated as residual metabolic disease or non- CMR. CMR, complete metabolic response.
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Table 2 Patient characteristics separated by CMR vs non- CMR

CMR
(n=29)

Non- CMR
(n=16) P value

Age (years)

Median (minimum, maximum) 65.7 (39.9, 82.0) 75.5 (58.3, 84.6) 0.03

Gender

female 13 (45%) 6 (38%)

male 16 (55%) 10 (62%) 0.63

Histology

Adeno 23 (79%) 11 (69%)

Squamous 5 (17%) 5 (31%)

Sarcomatoid 1 (3%) 0 (0%) 0.65

PD- L1 expression

0 5 (17%) 0 (0%)

>0–<10 0 (0%) 0 (0%)

≥10 17 (59%) 11 (69%) 0.27

Not reported 7 (24%) 5 (31%)

T status

1 6 (21%) 4 (25%)

2 5 (17%) 3 (19%)

3 7 (24%) 1 (6%)

4 11 (38%) 8 (50%) 0.57

N status

0 7 (24%) 0 (0%)

1 2 (7%) 1 (6%)

2 9 (31%) 6 (38%)

3 11 (38%) 9 (56%) 0.17

M status

0 4 (14%) 5 (31%)

1 25 (86%) 11 (69%) 0.24

UICC stage

3 5 (17%) 4 (25%)

4 24 (83%) 12 (75%) 0.70

Immunotherapy regimen

Atezolizumab 1 (3%) 2 (12%)

Nivolumab 16 (55%) 5 (31%)

Pembrolizumab 12 (41%) 8 (50%)

Ipilimumab/nivolumab 0 (0%) 1 (6%) 0.15

Treatment line

First line 12 (41%) 13 (81%)

Non- first line 17 (59%) 3 (19%) 0.01

Prior surgery 9 (31%) 2 (12%) 0.28

Prior radiotherapy 13 (45%) 4 (25%) 0.19

Prior chemotherapy 21 (72%) 7 (44%) 0.06

Months immunotherapy until 
PET

Median (minimum,maximum) 30.8 (24.2, 53.0) 30.0 (24.2, 50.5) 0.90

Continued
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CMR rates did not differ between patients achieving 
stable disease and patients achieving partial response.

The finding that CMR was observed more frequently in 
patients who received second- line immuno- oncological 
therapy after first- line chemotherapy could hint at 

a possible benefit of (sequential) use of chemo and 
immune therapy. Of note, none of the patients in this 
analysis had combined chemoimmunotherapy, given 
the approval of combination therapy in Europe in late 
2019. However, given the retrospective nature of this 

CMR
(n=29)

Non- CMR
(n=16) P value

Months until best objective 
response

Median (minimum,maximum) 7.8(1.1, 26.0) 11.1(3.0, 30.1) 0.12

Response according to 
RECIST

PR 24 (83%) 12 (75%)

SD 5 (17%) 4 (25%) 0.7

CMR, complete metabolic response; PET, positron emission tomography.

Table 2 Continued

Figure 2 Swimmer plot of long- term responders to immunotherapy for non- small cell lung cancer. CMR, complete metabolic 
response.
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study, we cannot provide mechanistic insights into this 
observation.

Most prior investigations have evaluated early responses 
(approximately 4–12 weeks) of NSCLC to immunotherapy 
and observed less than 10% of patients achieving CMR.10 
Evidence of CMR in solid tumors following a longer 
period of immunotherapy has been provided previously 
in malignant melanoma. Tan et al demonstrated, that 
after 12 months of immunotherapy, 68% of patients with 
melanoma with partial response in CT had CMR in FDG- 
PET.9 In their analysis, CMR was associated with longer 
progression- free survival when compared with patients 
with non- CMR (HR 0.07, p<0.001). A fraction of patients 
with CMR maintained their response despite discontin-
uation of checkpoint inhibitor therapy, thereby linking 
CMR to durable response.9 In our study, we observe a 
similar rate of CMR following at least 24 months of immu-
notherapy, possibly indicating that CMR by FDG- PET may 
serve as a predictor for patients with long- term response.

Although a prospective study indicated that treat-
ment discontinuation was associated with detrimental 
survival in NSCLC,3 CMR by FDG- PET selects a patient 
population with favorable response to treatment. In the 
presented cohort of patients, 15 of 27 (56%) patients 
with CMR have paused immunotherapy following FDG- 
PET, none of them has progressed. Although median 
follow- up is short, patients with CMR might be suitable 
for treatment discontinuation. In analogy to consolida-
tion radiotherapy of residual PET- positive disease after 
treatment in (Hodgkin) Lymphoma,19 it is interesting to 
speculate whether patients who do not achieve a CMR 
might benefit from local ablative therapy of PET- positive 
residual disease. We hypothesize that 24 months without 
progression after starting immunotherapy is an appro-
priate point of time to perform FDG- PET for the restaging 
of patients, since there is little data on how to manage 
patients beyond 2 years of immunotherapy and since we 
do not observe difference in CMR rates in patients with a 
longer period of immunotherapy.

Strengths and limitations
To our knowledge, our cohort study is the first to present 
data on the metabolic response after long- term disease 
stabilization on immune therapy in NSCLC, providing 
important data for the discussion of immuno- oncological 
treatment beyond 24 months. This study is limited 
primarily by its retrospective design, its small sample size, 
and the limited follow- up period after PET- CT. Prospec-
tive trials are needed to shed light on PET- guided treat-
ment modification in patients with durable response 
following immunotherapy for advanced NSCLC.

CONCLUSION
In summary, FDG- PET reveals CMR in about two thirds 
of patients with prolonged but incomplete CT response. 
High- level evidence is now needed to determine the 
prognostic value of FDG- PET following immunotherapy. 

Potentially, FDG- PET could facilitate safer treatment 
discontinuation or consideration of additional local 
ablative therapy for persisting metabolically active tumor 
residuum.
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